Nonalcoholic fatty liver disease (NAFLD) has emerged as a global health problem together with the obesity and diabetes epidemic. Currently, the spectrum of NAFLD is defined histologically as nonalcoholic fatty liver alone or simple steatosis (NAFL or SS) and nonalcoholic steatohepatitis (NASH) with or without fibrosis. Histologic details about steatosis and inflammation, cytologic ballooning, and Mallory-Denk bodies help characterize the disease spectrum. However, a noninvasive alternative to histology is presently unavailable and is an area of active investigation.
Obesity, insulin resistance, inflammation, and oxidative stress play significant roles in the development and progression of NAFLD (Fig. 1) . The long-term outcome of NAFLD is influenced by the histologic spectrum (development of cirrhosis in up to 3-5 % of SS vs. 15-20 % of NASH patients). Thus, the distinction between SS and NASH is important; however, it requires a liver biopsy. Noninvasive means to differentiate the spectrum of NA-FLD is being actively explored. In the current issue of Hepatology International, Miyake et al. have presented data on B cell-activating factor (BAFF) in an attempt to identify blood-based markers to distinguish SS from NASH.
The B cell-activating factor (BAFF, also known as BLyS, TALL-1, CD257) is a tumor necrosis factor (TNF) superfamily (TNFSF13B) member that promotes the expansion and differentiation of the B cell population leading to increased serum immunoglobulin levels [1, 2] . BAFF is an important regulator of peripheral B cell maturation, survival, immunoglobulin production and immunoglobulin class-switch recombination (CSR), a biological mechanism by which activated B cells (plasma cells) change their antibody production from one isotype to another, for example, from IgM to IgG [3] .
BAFF is mainly produced and secreted by myeloid cells (macrophages, monocytes, and dendritic cells) and also by nonlymphoid cell types and epithelial cells [3] [4] [5] . It is expressed as a type II transmembrane protein (biologically active 17-kDa molecule), and levels of BAFF are upregulated by interferon (IFN)-c, interleukin (IL)-10, and CD40 ligand produced during inflammation and/or chronic infections [6] .
The biological role of BAFF is mediated by three specific receptors (Fig. 2) . BAFF receptor (BAFF-R) and transmembrane activator-calcium modulator and cyclophilin ligand interactor (TACI) are high-affinity receptors, while B cell maturation antigen (BCMA) is a low-affinity receptor [7] [8] [9] . BAFF is synthesized as a membrane-bound protein and is released as soluble BAFF by proteolysis. Soluble BAFF can then either remain as a homotrimer or transform into a capsid-like assembly of 20 trimers (60-mer) following oligomerization (Fig. 2) . Downstream signaling is mediated through TNF receptor-associated factors (TRAFs). The recruitment of TRAF3 to trimeric BAFF-R activates the alternative nuclear factor-jB2 (NF-jB2) signaling pathway. In contrast, the recruitment of TRAF2 or TRAF6 to trimeric TACI initiates the classical NF-jB1 pathway.
Recent evidence points to an emerging role of BAFF in adipocyte biology [10] [11] [12] [13] . Alexaki and colleagues [10] identified BAFF-R in human adipocytes from visceral adipose tissue (VAT). Further, Hamada et al. [11] demonstrated that BAFF-treated mice had higher TNF-a, IL-6, and resistin gene expression in VAT, while adiponectin gene expression decreased, contributing to adipocyte insulin resistance. In addition, BAFF was shown to directly affect the glucose uptake and phosphorylation of insulin receptor substrate-1 in adipocytes. This underlines the role of BAFF in impaired insulin sensitivity via inhibition of insulin signaling pathways and alterations in adipokine production.
Increased serum BAFF levels have been linked to autoimmune disorders such as systemic lupus erythematosus (SLE), rheumatoid arthritis, Sjogren's syndrome, systemic sclerosis, etc., as well as allergic diseases, infections, and malignancies, suggesting the potential role of BAFF in different diseases. Interestingly, BAFF has also been associated with other liver diseases such as hepatitis C [14] , primary biliary cirrhosis (PBC) [15] , and autoimmune hepatitis where corticosteroid therapy markedly reduced serum BAFF levels in AIH [16] . Also, elevated serum BAFF levels were associated with advanced interface hepatitis in PBC patients [15] .
In this issue of Hepatology International, Miyake et al. have demonstrated that NASH patients had higher serum levels of BAFF compared to those with SS in their article ''B cell activating factor is associated with the histological severity of nonalcoholic fatty liver disease.'' Further, cytologic ballooning and advanced fibrosis in NAFLD patients were associated with higher serum levels of BAFF. No such association was noted with hepatic steatosis, inflammation, NAFLD activity score (NAS), and other histologic features. Similarly, serum BAFF levels had no biochemical association with other inflammatory markers or with the presence or absence of ANA in patients with NAFLD.
Obesity, insulin resistance, inflammation, and oxidative stress play a significant role in the development and progression of NAFLD. Emerging evidence suggests that BAFF may relate to these pathophysiologic links in NAFLD. However, in this study, no association or correlation of BAFF was found with the body mass index or visceral fat area. Although it is intriguing not to see an association of BAFF with obesity, insulin resistance, and inflammatory and autoimmune markers, these can presumably be related to the following: (1) type II error given a small study population (n = 96, 76 with NASH) with an even smaller sample of SS (n = 20); (2) a wide range of serum BAFF values with a lot of overlap in BAFF values among variables studied resulting in a large variance and standard deviations limiting its utility to discriminate SS and NASH; (3) multiple medications for diabetes, hyperlipidemia, and hypertension confounding serum inflammatory marker studies and limiting studies to evaluate the effect on insulin resistance; and (4) no well-defined range of normal serum BAFF levels which can introduce a lot of variation in data interpretation and analysis.
Interestingly, high serum BAFF levels were associated with ballooning hepatocytes and advanced fibrosis. ''Ballooning'' is a frequently used yet ill-defined term in liver morphology indicating hepatocyte degeneration associated with enlargement, swelling, rounding, and characteristic reticulated cytoplasm and generally regarded as a form of apoptosis [17] . The intermediate filament (IF) cytoskeleton plays a major role in the stabilization and topographical organization of a cell and its organelles. In hepatocytes, IFs consist of type I keratin (K) 18 and type II K8 noncovalently assembled in an equimolar ratio [18] [19] [20] . ''Ballooned'' hepatocytes on immunohistochemical staining Fig. 2 Schematic illustration of B-cell activating factor (BAFF) signaling pathway. It is initiated through binding of soluble BAFF trimer to BAFF receptor (BAFF-R), TNF receptor-associated factors (TRAFs), transmembrane activator and calcium modulator and cyclophilin ligand interactor (TACI) and B cell maturation antigen (BCMA). These interactions mediate downstream signaling through alternate and classical nuclear factor-jB (NF-jB) pathways Fig. 1 Putative role of B-cell activating factor (BAFF) in the pathogenesis of nonalcoholic fatty liver disease (NAFLD). NAFL non alcoholic fatty liver, SS simple steatosis, NASH non alcoholic steatohepatitis with antibodies against K8 and K18 revealed a deranged IF network [21] . Inflammation and oxidative stress lead to hepatocyte ballooning and apoptosis and have been shown to result in elevated circulating cytokeratin 18 (CK-18) [22] . Inflammation and oxidative stress also contribute to hepatic fibrosis, and serum BAFF levels have been shown to be associated with advanced fibrosis, as observed in this study.
Although this study was not designed to investigate the putative mechanism of these associations, a proposed pathophysiologic link can be nuclear factor kappa lightchain enhancer of activated B cells (NF-jB). Chronic inflammation and oxidative stress can induce an alternate pathway of NF-jB through BAFF and result in downstream effects of hepatocyte ballooning and activation of hepatic stellate cells promoting fibrosis. The mechanism of BAFF signaling and the proposed pathway are illustrated in Figs. 2 and 3 . This line of evidence can be explored in future investigations. It will also be reasonable to evaluate the role of BAFF and insulin resistance in nondiabetic NAFLD patients.
Finally, what is the utility of serum BAFF as a diagnostic tool in NAFLD based on the current study? An ideal biomarker is highly specific, sensitive, predictive, robust, generalizable, easily available, and affordable. Serum BAFF in this study has a low specificity of 50 % with a good sensitivity of 93.4 %, positive predictive value of 87.6 %, negative predictive value of 66.7 %, and diagnostic accuracy of 84.3 %. Additionally, serum BAFF levels do not even reflect the specificity to liver diseases as serum BAFF levels were increased in chronic hepatitis C, AIH, and PBC. Augmented BAFF signaling can contribute to the development and progression of chronic diseases such as NAFLD. Further studies are needed to evaluate, establish, and validate the role of BAFF in NAFLD compared to other populations including appropriate controls. Efforts can then be directed in the development of a diagnostic panel with either BAFF alone or a combination of other markers such as cytokeratin-8/18. BAFF also appears to be an attractive treatment target. Recently, belimumab, a humanized monoclonal antibody against BAFF, has been approved by the US Food and Drug Administration for the treatment of SLE [23, 24] . This drug or similar strategies targeting BAFF signaling can be a promising approach in the treatment and monitoring of NAFLD. Future studies will continue to explore the development of noninvasive markers in the diagnosis and monitoring of NAFLD and potential novel therapies.
